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Abstract
Introduction:  There  appears  to  be  no  relationship  between  the  size  of  tympanic  perforations
and hearing  loss.  Some  studies  in  the  literature  have  assessed  this  connection,  with  conﬂicting
data and  without  proper  methodology,  especially  concerning  the  measurement  of  the  size  of
the perforation,  which  was  performed  in  a  subjective  manner.
Objective:  To  evaluate  the  size  of  tympanic  perforations  and  to  relate  them  to  hearing  loss  in
four different  sound  frequencies  through  the  use  of  an  objective  method.
Methods:  Transversal  retrospective  study.  The  present  study  evaluated  187  perforations  through
digital imaging,  calculated  the  percentages  of  the  tympanic  membrane  that  was  perforated
using ImageScope  software  version  11.1.2.760  and  correlated  perforations’  size  with  hearing
loss at  four  frequencies.
Results:  Data  were  statistically  analyzed  using  Pearson’s  correlation  test.
Conclusion:  There  was  no  signiﬁcant  relationship  between  the  size  of  tympanic  perforations
and hearing  loss  in  the  four  analyzed  frequencies.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
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Resumo
Introduc¸ão:  Parece  não  haver  relac¸ão  entre  o  tamanho  das  perfurac¸ões  timpânicas  e  a  perda
auditiva. Alguns  trabalhos  na  literatura  estudaram  esta  relac¸ão,  com  dados  conﬂitantes  e  sem
uso adequado  da  metodologia  empregada,  principalmente  quanto  à  medic¸ão  do  tamanho  da
perfurac¸ão que  se  faz  de  modo  subjetivo.
Objetivo:  Analisar  através  de  um  método  objetivo  o  tamanho  dessas  perfurac¸ões  e  relacioná-las
com perdas  auditivas  em  quatro  frequências  sonoras.
Método:  Estudo  retrospectivo  de  corte  transversal.  Foram  avaliadas  187  perfurac¸ões  timpâni-
cas através  de  digitalizac¸ão  de  imagem,  medidas  porcentualmente  com  o  uso  do  software
ImageScope  Version  11.1.2.760  e  correlacionadas  com  os  limiares  auditivos  em  quatro  frequên-
cias.
Resultados:  Os  dados  foram  avaliados  estatisticamente  pelo  teste  de  correlac¸ão  de  Pearson,
que não  demonstrou  correlac¸ão  entre  o  tamanho  da  perfurac¸ão  timpânica  e  o  grau  de  perda
auditiva.
Conclusão:  Não  há  relac¸ão  signiﬁcativa  entre  o  tamanho  das  perfurac¸ões  timpânicas  e  as  quatro
frequências  estudadas.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado  por
Elsevier Editora  Ltda.  Todos  os  direitos  reservados.
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of  the  area  of  perforation  was  then  calculated  as  a  percent-
age  of  the  area  of  the  tympanic  membrane,  there  was  no
distortion  because  of  the  angle  of  view  or  the  proximity  ofIntroduction
This  was  a  longitudinal  retrospective  cohort  study.  It  is  clear
that  there  appears  to  be  no  direct  relationship  between
the  size  of  the  tympanic  membrane  in  simple  chronic  otitis
media  and  hearing  loss  assessed  by  pure  tone  audiome-
try.  This  suspicion  has  been  studied  and  evaluated,  but
by  using  subjective  methods  to  measure  the  size  of  the
perforations.1--5 With  the  advent  of  modern  computer  pro-
grams,  the  percentage  of  these  perforations  in  relation  to
the  total  area  of  the  membrane  can  be  objectively  evalu-
ated.  These  more  accurate  data  can  be  used  to  compare
more  reliably  this  ﬁnding  with  each  audiometry  frequency.
Few  similar  studies  were  retrieved  in  the  literature.6,7 This
study  aimed  to  analyze  the  correlation  between  the  per-
centual  size  of  the  perforation  and  hearing  loss  in  four
frequencies.
Methods
This  was  a  retrospective  cohort  trial  conducted  at  the
Department  of  Otorhinolaryngology  of  a  medical  teaching
institution,  approved  by  the  Research  Ethics  Committee
under  N◦ 9228.  Images  of  the  tympanic  membrane  were
acquired  using  a  3  mm  diameter  rigid  ﬁber  optic  telescope
coupled  to  a  digital  camera  and  with  computer  digital  cap-
ture.
Only  pictures  of  simple  chronic  otitis  media  (dry  per-
forations  as  sequelae  of  necrotizing  otitis)  were  selected,
with  more  than  six  months  without  otorrhea  reported  by
the  patients.  Hearing  loss  in  four  frequencies  (500  Hz,  1  kHz,
2  kHz,  and  4  kHz),  with  any  degree  of  conductive  hearing
loss,  was  considered.  The  audiometries  were  performed  by
phonoaudiologists,  using  the  Katz  technique.8
F
pImageScope,  version  11.1.2.760  by  Aperio  Technologies®,
as  used.  The  selected  images  were  evaluated  by  circum-
cribing  (by  tracking  with  a  mouse)  the  total  area  of  the
ympanic  membrane,  which  was  then  measured  by  pixel
ounting  (Fig.  1).  The  same  procedure  was  applied  to  the
rea  of  the  perforation.  Both  measures  were  transported  to
n  Excel® (Microsoft)  spreadsheet.  Since  the  determinationigure  1  Image  obtained  through  circumscription  of  the  tym-
anic membrane  and  of  its  perforation.
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Figure  3  Correlation  between  the  percentage  of  tympanic
membrane  perforation  and  air-bone  gap  observed  at  a  1000  Hz
frequency.
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Figure  4  Correlation  between  the  percentage  of  tympanic
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aigure  2  Correlation  between  percentage  of  tympanic  mem-
rane  perforation  and  air-bone  gap  observed  at  a  500  Hz
requency.
he  image  capture.  These  measurements  were  performed
y  two  examiners,  at  different  times,  and  only  those  that
oincided  with  an  error  factor  of  <5%  were  considered.
The  inclusion  and  exclusion  criteria  of  the  study  were  as
ollows:
 Inclusion  --  images  of  tympanic  membrane  with  perfo-
ration  without  evidence  of  inﬂammation  or  otorrhea  for
more  than  six  months  duration,  simple  chronic  otitis
media.
 Exclusion  --  evaluation  of  the  perforation  size  by  two
examiners  presenting  a  difference  >5%.
The  audiograms  were  evaluated  only  with  respect  to
heir  conductive  hearing  loss,  i.e.  the  air-bone  gap  that
haracterized  the  tympanic  involvement  (membrane  or
ssicular  chain).  The  following  frequencies  were  used:
00  Hz,  1000  Hz,  2000  Hz  and  4000  Hz.
Data  obtained  from  the  perforations  of  the  tympanic
embranes  were  correlated  with  the  air-bone  gap  in  each
f  the  frequencies  analyzed  by  Pearson’s  correlation  test.
esults
he  study  included  187  ears  that  presented  simple  chronic
titis  media.  The  age  of  patients  analyzed  ranged  from  4  to
5  years.  The  right  ear  was  involved  in  79  patients,  while  108
xhibited  the  problem  in  left  ear.  The  correlation  between
he  size  of  the  perforation  and  the  frequencies  is  listed  in
able  1.
The  correlation  between  the  percentage  of  perforation
f  the  tympanic  membrane  and  the  air-bone  gap  that  exists
n  each  of  the  evaluated  frequencies  is  shown  in  Figs.  2--5.
Fig.  2  illustrates  the  correlation  between  the  percentage
f  perforation  of  the  tympanic  membrane  and  the  air-bone
ap  observed  at  a  frequency  of  500  Hz.
Fig.  3  shows  the  correlation  between  the  percentage  of
erforation  of  the  tympanic  membrane  and  the  air-bone  gap
bserved  at  a  frequency  of  1000  Hz.
g
o
0
aembrane  perforation  and  air-bone  gap  observed  at  a  2000  Hz
requency.
In  Fig.  4, a  correlation  between  the  percentage  of  per-
oration  of  the  tympanic  membrane  and  the  air-bone  gap
bserved  in  the  frequency  of  2000  Hz  is  shown.
Finally,  in  Fig.  5, the  correlation  between  the  percentage
f  perforation  of  the  tympanic  membrane  and  the  air-bone
ap  observed  at  a frequency  of  4000  Hz  is  shown.
iscussion
he  linear  correlation  between  the  size  of  the  tympanic
erforation  in  patients  with  simple  chronic  otitis  media
nd  hearing  loss  in  four  different  frequencies  was  investi-
ated.  Pearson’s  correlation  coefﬁcient  for  the  frequencies
f  500  Hz,  1000  Hz,  2000  Hz  and  4000  Hz  was,  respectively,
.415,  0.372,  0.282  and  0.325,  demonstrating  that  there  is
 strong  linear  correlation  between  the  variables  studied.
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Table  1  Pearson’s  correlation  coefﬁcient  found  for  each  frequency  analyzed.
500  Hz  1000  Hz  2000  Hz  4000  Hz
Pearson’s  correlation  coefﬁcient 0.415  
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RFigure  5  Correlation  between  percentage  of  tympanic  mem-
brane  perforation  and  air-bone  gap  observed  at  a  4000  Hz
frequency.
The  correlation  for  the  frequency  of  500  Hz  was  found  to
be  moderately  signiﬁcant  for  the  issue  examined,  while  the
correlations  observed  for  the  other  frequencies  proved  to
be  of  little  signiﬁcance.
In  the  literature,  Pannu  et  al.9 reported  different  results,
demonstrating  an  increase  in  hearing  loss  with  increas-
ing  sizes  of  the  tympanic  perforation  in  100  patients  who
also  had  perforations  without  signs  of  active  inﬂammation
or  secretion.  Importantly,  in  that  study,  the  perforation
size  was  estimated  by  measuring  their  greater  vertical
(R1)  and  greater  horizontal  (R2)  diameters  with  a  1-mm
wire,  inserting  the  values  into  the  formula:  perforation
area  =    ×  R1  ×  R2.
Ibekwe  et  al.,10 analyzed  67  patients  with  a  total  of
77  perforations.  Using  the  Pearson  correlation:  p  =  0.01,
r  =  0.05,  they  concluded  that  the  larger  the  tympanic  mem-
brane  perforation,  the  greater  the  loss  in  sound  perception.
The  article  by  Ahmad  and  Ramani1 is  in  agreement
with  the  studies  previously  mentioned.  In  that  study,  70
patients  with  dry  central  perforation  were  analyzed.  The
patients  were  divided  into  four  groups  according  to  the  size,
expressed  as  a  percentage,  of  the  observed  perforation.
These  authors  analyzed  the  hearing  loss  in  each  frequency
in  each  of  their  groups,  and  concluded  that  the  hearing  loss
increased  with  the  size  of  perforation.
10.372  0.282  0.325
Therefore,  the  present  study,  with  a  larger  number  of
atients  and  using  a more  modern  methodology,  contradicts
he  literature  and  leads  to  the  conclusion  that  factors,  other
han  the  size  of  perforation  (e.g.,  disjunctions  or  ﬁxations
f  the  ossicular  chain),  compromise  the  auditory  acuity  in
atients  with  simple  chronic  otitis  media.
onclusion
here  was  no  correlation  between  the  size  of  tympanic
embrane  perforations  in  simple  chronic  otitis  media  and
earing  loss  at  500  Hz;  1000  Hz;  2000  Hz  and  4000  Hz.
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